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Description 

TECHNICAL FIELD 

5 The present Invention relates to a polycarbonate-polydimethylsiloxane copolymer and a process for 
production thereof. Particularly, it relates to a novel polycarbonate-polydimethylsiloxane copolymer which is 
excellent in impact resistance, a composition containing it and a process for efficiently producing it. 

BACKGROUND TECHNIQUE 

70 

Glass fibers have hitherto been added to polycarbonate in order to improve its rigidity and dimensional 
stability. The addition of the glass fibers, however, makes the polycarbonate subject to brittle fracture and 
lowers the Izod impact strength. Thus, a variety of polycarbonates have been investigated for the purpose 
of finding the one which is excellent in impact resistance. For instance, the blending of a polycarbonate with 
75 a filler and an organopolysiloxane-polycarbonate block copolymer has been proposed in Japanese Patent 
Application Laid-Open No. 160052/1980, but such blending is still unsatisfactory for improving the impact 
resistance. 

Also, a composition which comprises blending a polycarbonate with a glass fiber free of a sizing agent 
and a siloxane has been proposed in Japanese Patent Application Laid-Open (PCT application) No. 
20 501860/1982. Furthermore, in Japanese Publication No. 35929/1984, there has been proposed a composi- 
tion comprising a polycarbonate with a glass fiber and an organopolysiloxane having a specified viscosity. 
However, the molded articles produced from these two compositions have also a problem of incomplete 
insulation. 

EP-A 0 376 052 which is state of the art according to Article 54 (3) discloses a polycarbonate-based 
25 resin composition, comprising 6 to 90 % by weight of a polycarbonate/polyorganosiloxane copolymer, 10 to 
60 % by weight of glass fibers and 0 to 84 % by weight of a polycarbonate resin, the amount of said 
polyorganosiloxane accounting for 0,5 to 40 % by weight of the resin components. 

French patent no. 1 513 506 discloses compositions containing polysiloxane-polycarbonate-block 
copolymers which have a number of dimethylsilanoxy-units at the PDMS portion between 8 and 200 and a 
30 content of the PDMS blocks of 1 to 95 %. 

DISCLOSURE OF THE INVENTION 

Thus, the present inventors have conducted earnest researches for the purpose of solving the 
35 aforementioned problems. As a result, it has-been found that a polycarbonate block copolymer having 
excellent impact resistance can be obtained by using a specified polydimethylsiloxane. The present 
invention has been achieved on the basis of such information. 

That is, the present invention provides a polycarbonate-polydimethylsiloxane copolymer comprising a 
polycarbonate block represented by the formula (I) 

40 



45 




50 wherein R 1 and R 2 independently represent hydrogen or an alkyl group having 1 - 4 carbon atoms, R 3 and 
R 4 independently represent hydrogen, halogen, an alkyl group having 1 - 20 carbon atoms or an aryl group, 
x denotes an integer of 1 - 5, y denotes an integer of 1 - 4 and n denotes an integer of 1-100, and a 
polydimethylsiloxane block represented by the formula (II) 

55 
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wherein R 5 and R 6 independently represent an organic residue having an aromatic nucleus, and m denotes 
io an integer of not less than 100, characterized in that the copolymer has a content of the polydimethylsilox- 
ane block portion of 0.5 - 10% by weight, a n-hexane soluble matter in an amount of 1.0% by weight or less 
and a viscosity average molecular weight of 10,000 - 50,000. The present invention also provides a process 
for preparing the above mentioned polycarbonate-polydimethylsiloxane copolymer comprising reacting an 
organic dihydroxy compound represented by the formula (III) 



R 



H O 





20 R * 

( R 4 ) y ( R «> 



O H 

(in) 



y 



wherein R\ R 2 , R 4 and y have the same meanings as defined above, a polydimethylsiloxane represented 
25 by the formula (IV) 



C H 3 C H 3 
HO — R 5 S i O ^ S i R * — OH 



C H 3 C H 



(IV) 



35 wherein R 5 , R 6 and m have the same meanings as defined above, and a carbonate forming derivative in a 
liquid medium in the presence of a molecular weight modifier. Furthermore, the present invention provides a 
resin composition comprising 40 - 90% by weight of the aforementioned polycarbonate-poiydimethylsilox- 
ane copolymer and 60 - 10% by weight of an inorganic filler. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a proton nuclear magnetic resonance ( 1 H-NMR) spectrum of the polycarbonate-polydimethyl- 
siloxane copolymer prepared in Example 2; and 

Fig. 2 is a graph which demonstrates the relationship between the number of dimethylsilanoxy units at 
45 the polydimethylsiloxane portion in the polycarbonate-polydimethylsiloxane copolymer used and Izod 
impact strength of the moulded article therefrom. 

BEST MODES FOR CARRYING OUT THE INVENTION 

50 The polycarbonate-polydimethylsiloxane copolymer of the present invention is, as described above, a 
block copolymer comprising the polycarbonate (hereinafter referred sometimes to as PC) block represented 
by the formula (I) and a polydimethylsiloxane (hereinafter referred sometimes to as PDMS) block repre- 
sented by the formula (II). 

R 1 and R 2 in the formulae (I) and (III) independently represent hydrogen or an alkyl group having 1 - 4 
55 carbon atoms, such as a methyl group, an ethyl group, a n-propyl group, an i-propyl group, a n-butyl group, 
an i-butyl group, a s-butyl group or a t-butyl group. R 3 and R* in the formulae (I) and (III) independently 
represent hydrogen, halogen (e.g. chlorine, fluorine, bromine and the like), an alkyl group having 1 - 20 
carbon atoms (e.g. a methyl group, an ethyl group, a n-propyl group, an i-propyl group, a n-butyl group, an 
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i-butyl group, a s-butyl group, a t-butyl group, a n-octyl group, a t-octyl group, a n-decyl group, a n- 
octadecyl group and the like) or an aryl group (e.g. a phenyl group, a benzyl group, an a,a-dimethylbenzyl 
group and the like). 

As the organic dihydroxy compound represented by the formula (III), there are mentioned a variety of 
5 compounds such as a bis(4-hydroxyphenyl)alkane. More specifically, there are mentioned bisphenols such 
as 2,2-bis(4-hydroxyphenyl)propane (trivial name: bisphenol A), bis(4-hydroxyphenyl)methane, 1,1-bis(4- 
hydrophenyl)ethane, 1 ,1 -bis(4-hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydrox- 
yphenyl)pentane, 2,2-bis(4-hydroxyphenyl)isopentane, 2,2-bis(4-hydroxyphenyl)hexane, 2,2-bis(4-hydrox- 
yphenyl)isohexane, 4,4-dihydroxytriphenylmethane, 4,4-dihydroxytetraphenylmethane, 1 ,1-bis(4-hydrox- 
w yphenyl)cyclohexane, 2,2-bis(4,4-hydroxy-3-methylphenyl)propane, 2,2-bis(4,4-hydroxy-3,5-dimethylphenyl)- 
propane and the like. 

In the terminal hydroxy group-containing polydimethylsiloxane represented by the formula (IV), R 5 and 
R 6 represent an organic residue having an aromatic nucleus. As the organic residue having an aromatic 
nucleus, there are mentioned, for example, a 3-(o-oxyphenyl)propyl group, a 2-(p-oxyphenyl)ethyl group or 
75 groups represented by the formula 



20 

or 

25 




C H 3 

30 

The polydimethylsiloxane represented by the formula (IV) can be synthesized, for example, by reacting 
octamethylcyclotetrasiloxane and disiloxane to produce a terminal hydrogen-containing polydimethylsilox- 
ane, which is then reacted with an allylphenol to give a terminal phenol-containing polydimethylsiloxane. In 
this connection, the repeating number of the dimethylsilanoxy units can be controlled by changing the 
35 proportion of octamethylcyclotetrasiloxane and disiloxane. The process for producing the compound can be 
illustrated by the following reaction scheme: 



40 
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In this connection, the repeating number m of the dimethylsilanoxy units is required to be 100 or more. 
If m is less than 100, the blending of the compound with a glass fiber brings about the lowering of the Izod 
impact resistance. If m exceeds 400, the production of the compound becomes difficult to an impractical 
30 level. 

After the reaction was completed, vacuum distillation is preferably conducted to remove low boiling 
components (mainly dimer and trimer). The condition of vacuum distillation is not particularly limited, and it 
is sufficient to carry out the distillation at a temperature of 100 - 200 °C under a vacuum of 10 Torr or less 
until no low boiling components will be removed (for example, for 1 - 200 minutes). 

35 As the carbonate forming derivative, phosgene is usually used. It is also possible to use various 
compounds other than phosgene, such as bromophosgene, diphenyl carbonate, di-p-tolyl carbonate, 
phenyl-p-tolyl carbonate, di-p-chlorophenyl carbonate, dinaphthyl carbonate or the like, or a polycarbonate 
oligomer comprising these compounds and the aforementioned organic dihydroxy compounds. 

In the present invention, it is necessary to have a molecular weight modifier involved in the reaction 

40 system on the preparation of the polycarbonate-polydimethylsiloxane copolymer (hereinafter referred 
sometimes to as PC-PDMS copolymer) from the above mentioned organic dihydroxy compound, the 
polydimethylsiloxane and the carbonate forming derivative. As the molecular weight modifier, there may be 
used various compounds such as, particularly, pentahalogenophenols (e.g. pentabromophenol, pentach- 
lorophenol and pentafluorophenol), trihalogenophenols (e.g. tribromophenol, trichlorophenol, and 

45 trifluorophenol), phenol, p-cresol, p-tert-butylphenol, p-tert-octy I phenol, p-cumylphenol and the like. 

The charge amount of the organic dihydroxy compound may be appropriately determined depending 
on the polymerization degree of a polycarbonate block to be prepared. On the other hand, the charge 
amounts of the molecular weight modifier and the carbonate forming derivative regulate the polymerization 
degree of the polycarbonate block. Therefore, the charge amounts may be determined depending on the 

50 purposes. The molecular weight modifier may be charged specifically in an amount which is satisfactory for 
bonding it to the terminal position (particularly both terminal positions) of the resulting polycarbonate or in a 
slightly excessive amount as standard. 

The polydimethylsiloxane is preferably incorporated in an amount of 0.5 - 10% by weight, particularly 1 
- 10% by weight in the copolymer. If the polydimethylsiloxane is contained in an amount less than 0.5% by 

55 weight, the blending of the compound with a glass fiber brings about the lowering of the Izod impact 
resistance. On the other hand, if it is contained in an amount exceeding 10% by weight, the heat distortion 
temperature is lowered. 
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The process of the present invention is to prepare the PC-PDMS copolymer by carrying out the 
reaction in a liquid medium, specifically in accordance with the well-known interfacial polymerization method 
or the pyridine method. 

For instance, interfacial polycondensation is carried out by blowing a carbonate forming derivative such 

5 as phosgene into a mixture of a solution of the polydimethylsiloxane represented by the formula (IV) 
dissolved in an inert organic solvent such as methylene chloride, chloroform, chlorobenzene, carbon 
tetrachloride or the like and a solution of the organic dihydroxy compound represented by the formula (III) 
dissolved in an alkali solution such as an aqueous sodium hydroxide solution, an aqueous potassium 
hydroxide solution or the like. In this reaction, a molecular weight modifier is added to the reaction system 

70 preliminarily or at the step where the reaction has been conducted to a certain extent. It is also useful to 
add preliminarily a tertiary amine such as triethylamine or the like as a catalyst to the reaction system. 
Further, the reaction is exothermic, and thus the reaction system is preferably cooled with water or ice. 
Also, the reaction system shifts acidic as the reaction proceeds, so that the reaction system is preferably 
maintained at pH of 10 or more by the addition of an alkali with measuring the pH of the reaction system. 

75 Furthermore, it is also useful to carry out the interfacial polycondensation by the method in which a 
polycarbonate oligomer is preliminarily prepared from the organic dihydroxy compound represented by the 
formula (III) and the carbonate forming derivative, and then the resultant oligomer, the polydimethylsiloxane 
represented by the formula (IV), the molecular weight modifier, the above-described inert organic solvent, 
the alkali solution and a catalyst are mixed by stirring in a predetermined proportion. 

20 On the other hand, according to the pyridine method, the organic dihydroxy compound represented by 
the formula (III), the polydimethylsiloxane represented by the formula (IV) and the molecular weight modifier 
are dissolved in pyridine or a mixed solvent of pyridine and an inert solvent, and the carbonate forming 
derivative such as phosgene or the like is blown into the resultant solution to produce the desired PC-PDMS 
copolymer. 

25 The copolymer obtained as above which comprises the PC block represented by the formula (I) and the 
PDMS block represented by the formula (II) has a viscosity average molecular weight in the range of 10,000 
- 50,000, preferably 12,000 - 30,000. If the copolymer has a viscosity average molecular weight of less than 
10,000, it has poor in Izod impact resistance and thus is not suitable for the object of the present invention. 
On the other hand, it is difficult to prepare a copolymer having a viscosity average molecular weight 

30 exceeding 50,000. 

Further, the PC-PDMS copolymer of the present invention has a n-hexane soluble matter of 1 .0% by 
weight or less. If the copolymer has a n-hexane soluble matter exceeding 1 .0% by weight, the blend of it 
with an inorganic filler such as glass fiber or the like brings about little improvement in Izod impact 
resistance. In order to improve the Izod impact resistance particularly of a blend of it and glass fiber, the 

35 PC-PDMS copolymer has preferably a crystallinity of 30% or more. 

It is sufficient for the preparation of the PC-PDMS copolymer having a n-hexane soluble matter of 1 .0% 
by weight or less than, for example, the aforementioned copolymerization reaction is carried out by 
decreasing the PDMS content in the copolymer to 10% by weight or less and using a PDMS having 100 or 
more dimethylsilanoxy repeating units and a catalyst such as a tertiary amine or the like in an amount of 5.3 

40 x 10~ 3 mole or more per 1 kg of the oligomer. 

Furthermore, the composition of the present invention comprises 40 - 90% by weight of the aforemen- 
tioned PC-PDMS copolymer and 60 - 10% by weight of the inorganic filler. As the inorganic filler, there are 
mentioned various fillers such as glass fibers, carbon fibers and the like. The glass fibers may be either of 
alkali-containing glasses, low-alkali glasses or alkali-free glasses and has a fiber length of 1 - 8 mm, 

45 preferably 3 - 6 mm and a fiber diameter of 3 - 20 urn, preferably 5-15 urn. The forms of the glass fibers 
are not limited particularly and include various forms such as rovings, milled fibers, chopped strands and 
the like. These fibers may be used alone or in the combination of the two or more. Such glass fibers may 
be surface-treated with a silane type coupling agent such as aminosilane, epoxysilane, vinylsilane, 
methacrylsilane or the like, a chromium complex compound, a boron compound or the like to increase the 

so affinity to the aforementioned copolymer. 

As the carbon fibers, there are mentioned the ones such as flame resistant, carbonaceous or 
graphitaceous fibers which are generally prepared by calcining raw materials such as cellulose fibers, 
acrylic fibers, lignin, petroleum or coal type specialty pitches or the like. The carbon fibers in the pellet 
have generally a length in the range of 0.01 - 10 mm and a diameter in the range of 5 - 15 urn. The forms 

55 of the carbon fibers are not limited particularly and include various forms such as rovings, milled fibers, 
chopped strands and the like. These carbon fibers may be surface-treated with an epoxy resin or an 
urethane resin to increase the affinity to the aforementioned copolymer. 
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As the other fillers, there are mentioned fillers having a variety of forms such as plate, particle, powder 
or the like. Specifically, there can be mentioned glass beads, glass flakes, glass powders, talk, mica, 
calcium carbonate and the like. 

The resin composition of the present invention comprises as the main components the aforementioned 
5 PC-PDMS copolymer and the inorganic filler, and if necessary, PC or PDMS as well as a PC-PDMS 
copolymer having a PDMS content less than 0.5% by weight can be added provided that the PDMS content 
in the abovementioned copolymer is in the range of 0.5 - 10% by weight. 

EXAMPLE 

70 

The present invention is further described in detail with reference to the following examples. 
Preparation Example 1-1 (Synthesis of terminal phenol containing PDMS) 

75 1483 g of octamethylcyclotetrasiloxane, 18.1 g of 1 ,1 ,3,3-tetramethyldisiloxane and 35 g of 86% sulfuric 
acid were mixed and stirred at room temperature for 17 hours. Then, the resulting oil phase was separated, 
and 25 g of sodium hydrogen carbonate was added. After the mixture was stirred for 1 hour, it was filtered, 
and the filtrate was distilled in vacuum at 150* C under 3 Torr to remove low-boiling materials. 

To the mixture of 60 g of 2-allylphenol and 0.0014 g of platinum as a platinum chloride-alcoholate 

20 complex was added the oil obtained above at a temperature of 90 °C. The mixture was stirred at a 
temperature in the range of 90 °C - 115°C for 3 hours. The product was extracted with methylene chloride 
and washed three times with a 80% aqueous methanol to remove the residual amount of 2-allylphenol. The 
product was dried over anhydrous sodium sulfate, and the solvent was removed in vacuum by heating to a 
temperature of 1 1 5 • C. 

25 According to the nuclear magnetic resonance (NMR) analysis, it was found that the terminal phenol 
PDMS thus obtained had 1 50 repeating dimethylsilanoxy units. 

Preparation Example 1-2 (Synthesis of terminal phenol-containing PDMS) 

30 The procedure of Preparation Example 1-1 was repeated except that the amount of 1,1 ,3,3-tetramethyl- 
disiloxane was change to 7.72 g. 

According to the NMR analysis, it was found that the terminal phenol PDMS thus obtained had 350 
repeating dimethylsilanoxy units. 

35 Preparation Example 1-3 (Synthesis of terminal phenol-containing PDMS) 

The procedure of Preparation Example 1-1 was repeated except that the amount of 1,1 ,3,3-tetramethyl- 
disiloxane was changed to 137 g. 

According to the NMR analysis, it was found that the terminal phenol PDMS thus obtained had 20 
40 repeating dimethylsilanoxy units. 

Preparation Example 1-4 (Synthesis of terminal phenol-containing PDMS) 

The procedure of Preparation Example 1-1 was repeated except that the amount of 1,1,3,3-tetramethyl- 
45 disiloxane was changed to 33.5 g. 

According to the NMR analysis, it was found that the terminal phenol PDMS thus obtained had 80 
repeating dimethylsilanoxy units. 

Preparation Example 2 (Synthesis of a polycarbonate oligomer of bisphenol A) 

50 

A solution of bisphenol A in aqueous sodium hydroxide was prepared by dissolving 60 kg of bisphenol 
A in 400 liters (1) of a 5% aqueous sodium hydroxide solution. Next, the solution of bisphenol A in aqueous 
sodium hydroxide maintained at room temperature and methylene chloride were introduced into a tubular 
reactor having an internal diameter of 10 mm and a tube length of 10 m through an orifice plate at a flow 
55 rate of 138 l/hour and 69 l/hour, respectively. At the same time, phosgene was also introduced at a flow rate 
of 10.7 kg/hour, and the reaction was continuously carried out for 3 hours. The tubular reactor used in this 
reaction was a jacketed tube, and cooling water was flown through the jacket portion to maintain the exiting 
temperature of the reaction mixture at 25 *C. The pH of the exiting mixture was adjusted to 10 - 11. The 
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reaction mixture thus obtained was left standing to separate and remove the aqueous phase. The methylene 
chloride phase (220 I) was collected, and 170 I of methylene chloride was added to this methylene chloride 
phase. The mixture was sufficiently stirred to give a polycarbonate oligomer (317 g/l). The polycarbonate 
oligomer thus obtained had a polymerization degree of 3 - 4. 

Examples 1-12 and Comparative Examples 1-10 



a grams of the reactive PDMS obtained in Preparation Example 1-X was dissolved in 2 I of methylene 
chloride, and the resulting solution was mixed with 10 I of the polycarbonate oligomer obtained in 

w Preparation Example 2. To the mixture thus obtained were further added a solution of 26 g of sodium 
hydroxide dissolved in 1 I of water and d cc of triethylamine, and the mixture was stirred at 500 rpm at 
room temperature for 1 hour. Then, a solution of 600 g of bisphenol A dissolved in 5 I of a 5.2% by weight 
aqueous sodium hydroxide solution, 8 I of methylene chloride and b g of p-tert-buty I phenol were added to 
the mixture, and the stirring was conducted at room temperature for 2 hours. Then, 5 I of methylene 

75 chloride was added to the mixture, and the whole mixture was washed with 5 I of water, 5 I of 0.01 N 
aqueous sodium hydroxide solution as an alkali, 5 I of 0.1 N hydrochloric acid as an acid and 5 I of water in 
this sequence. Finally, methylene chloride was removed to give the PC-PDMS copolymer in the form of 
chips. The values of X (sub-number of Preparation Example 1), a, b and d in Examples 1-12 and 
Comparative Examples 1 - 10 are listed in Table 1. The viscosity average molecular weight, PDMS chain 

20 length (dimethylsilanoxy unit), PDMS content and n-hexane soluble matter of the PC-PDMS copolymer thus 
obtained are listed in Table 2. The flow value, flexural modulus, Izod impact resistance, heat distortion 
temperature (HDT) and crystallinity of the molded product are listed in Table 3. Also, a proton nuclear 
magnetic resonance ( 1 H-NMR) spectrum of the PC-PDMS copolymer prepared in Example 2 is shown in 
Fig. 1. The relationship between the number of the dimethylsilanoxy units of the polydimethylsiloxane 

25 portion in the PC-PDMS copolymer prepared in Examples and Comparative Examples, and Izod impact 
strength of the molded product is shown in Fig. 2. 



Table 1 



No. 


X* 


a 


b 


d 


Example 1 


1 


91 


119 


5.7 


Example 2 


2 


91 


119 


5.7 


Example 3 


1 


185 


119 


5.7 


Example 4 


2 


185 


119 


5.7 


Example 5 


1 


380 


119 


5.7 


Example 6 


2 


380 


119 


5.7 


Example 7 


1 


91 


81 


5.7 


Example 8 


2 


91 


81 


5.7 


Example 9 


1 


185 


81 


5.7 


Example 10 


2 


185 


81 


5.7 


Example 1 1 


1 


380 


81 


5.7 


Example 12 


2 


380 


81 


5.7 


Comparative Example 1 


4 


91 


119 


5.7 


Comparative Example 2 


3 


91 


119 


5.7 


Comparative Example 3 


4 


185 


119 


5.7 


Comparative Example 4 


3 


185 


119 


5.7 


Comparative Example 5 


4 


185 


81 


5.7 


Comparative Example 6 


3 


185 


81 


5.7 


Comparative Example 7 


1 


740 


81 


5.7 


Comparative Example 8 


1 


91 


119 


1.2 


Comparative Example 9 


2 


91 


81 


1.2 


Comparative Example 10 


4 


91 


119 


12.0 



*: Sub-number X of Preparation Example 1-X 
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Table 2 





No. 


Viscosity average 


PDMS chain 


PDMS content 


n-hexane soluble 


5 




molecular weight (Mv) 


length (m) 


(% by weight) 


matter (%) 




Examole 1 


15000 


150 


2 


0.4 




Exam Die 2 


15000 


350 


2 


0.4 




Exam Die 3 


15000 


150 


4 


0.6 




Examole 4 


15000 


350 ' 


4 


0.7 


10 


Examole 5 


15000 


150 


8 


0.8 




Examole 6 


15000 


350 


8 


0.8 




Examole 7 


20000 


150 


2 


0.3 




Examole 8 


20000 


350 


2 


0.3 




Examole Q 


20000 


150 


4 


0.5 


15 


Examole 10 


20000 


350 


4 


0.6 




Examole 1 1 


20000 


150 1 


8 


0.7 




Example 1 2 


20000 


350 


8 


0.7 




Comparative Example 1 


15000 


80 


2 


1.1 




Comparative Example 2 


15000 


20 


2 


1.2 


20 


Comparative Example 3 


15000 


80 


4 


1.2 




Comparative Example 4 


15000 


20 


4 


1.4 




Comparative Example 5 


20000 


80 


4 


1.1 




Comparative Example 6 


20000 


20 


4 


1.3 




Comparative Example 7 


20000 


150 


15 


1.1 


25 


Comparative Example 8 


15000 


150 


2 


1.4 




Comparative Example 9 


20000 


350 


2 


1.6 




Comparative Example 10 


15000 


80 


2 


0.8 



In the table above, the PDMS content and PDMS chain length (dimethylsilanoxy unit) were determined 
as follows. That is, the PDMS content was calculated from the intensity ratio of the methyl group peak in 
the isopropyl of the bisphenol A at 1 .7 ppm to the methyl group peak of the dimethylsiloxane at 0.2 ppm of 
the 1 H-NMR spectrum. The PDMS chain length was calculated from the intensity ratio of the methyl group 
peak of the dimethylsiloxane at 0.2 ppm to the methylene group peak of the PC-PDMS bonding part at 2.6 
ppm of the 1 H-NMR spectrum. 

The n-hexane soluble matter is a component extracted with the Soxhlet apparatus using n-hexane as 
solvent, and the determination of it was carried out as follows. That is, 15 g of the copolymer in the form of 
chips as a sample was collected in a* cylindrical filter paper No. 84 (28 x 100 mm) and extracted with 300 
ml of n-hexane by refluxing for 8 hours at a refluxing amount of 20 ml at an interval of 3 - 4 minutes. Then, 
300 ml of n-hexane was evaporated, and the residue as the n-hexane soluble matter was weighed. 
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Table 3 



No. 


Flow value 


Flexural modulus 


Izod impact 
resistance 


HDT 


Crystal linity 


Example 1 


41 


27900 


53 


125 


35 


Example 2 


43 


27900 


55 


125 


36 


Example 3 


40 


28000 


55 


122 


35 


Example 4 


45 


27700 


52 


123 


35 


Example 5 


44 


27900 


54 


120 


33 


Example 6 


41 


27800 


50 


120 


34 


Example 7 


11 


25000 


79 


125 


34 


Example 8 


10 


24900 


81 


124 


36 


Example 9 


10 


25100 


83 


122 


33 


Example 10 


11 


25000 


80 


122 


34 


Example 1 1 


11 


25000 


81 


121 


32 


Example 12 


10 


25200 


79 


122 


34 


Comparative Example 1 


42 


28000 


52 


125 


28 


Comparative Example 2 


40 


27500 


46 


124 


27 


Comparative Example 3 


40 


28000 


50 


122 


28 


Comparative Example 4 


39 


27000 


49 


121 


26 


Comparative Example 5 


10 


27600 


80 


121 


27 


Comparative Example 6 


10 


24900 


77 


121 


26 


Comparative Example 7 


10 


24800 


78 


115 


25 


Comparative Example 8 


40 


27500 


51 


122 


31 


Comparative Example 9 


11 


24700 


79 


124 


32 


Comparative Example 10 


40 


27800 


53 


125 


27 



30 



35 



40 



The values listed in Tables 2 and 3 were determined as follows: 



Flow value (x10~ 2 ml/sec): 

Flexural modulus (kg/cm 2 ): 

Izod impact resistance (kg-cm/cm): 

HDT (heat distortion temperature) ( * C): 

Mv (viscosity average molecular weight): 

Crystallinity: 



In accordance with JIS-K-7210; 
In accordance with JIS-K-7103; 
In accordance with JIS-K-7110; 
In accordance with JIS-K-7207; 

Calculated in terms of the viscosity of the methylene chlo- 
ride solution at 20 • C in an Ubbellohde viscometer; 
A 5 mg sample of the copolymer was placed in an alumin- 
ium pan, and the melting peak area obtained from the chart 
of a differential scanning calorimeter (DSC) measured at a 
programming temperature of 40 • C/min was represented by 
S (kilojoule/mol) to calculate the crystallinity from the follow- 
ing equation: 



C(%) = (S/27.9)x100 

wherein 27.9 (kilojoule/mol) is a melting enthalpy obtained 
for a complete crystal having 100% crystallinity (see J.P.S., 
B8.645 (1970)). 

Application Examples 1 - 28 

The PC-PDMS copolymers prepared in Examples and Comparative Examples or the polycarbonates 
(trade name: Toughlon A-2200, Mv = 21,000, manufactured by Idemitsu Petrochemical Co., Ltd.; trade 
name: lupilon H-4000 N-600, Mv = 15,000, manufactured by Mitsubishi Gas Chemical Co., Inc.) were used 
as base polymers, blended with a glass fiber (GF; an alkali-free glass surface-treated with aminosilane, fiber 
length: 6 mm, fiber diameter: 13 urn) and extruded from an extruder with a 30 mm vented extruder to form 
pellets. These pellets were injection-molded at a molding temperature of 300 0 C into a molded article to 
determine the physical properties. The results are listed in Table 4. In this connection, the glass fiber was 
supplied downstream of the raw material resin supply position to a hopper in an extruder. 
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*1: measured in accordance with JIS-K-7110; 
*2: measured in accordance with JIS-K-7113; 
*3: measured in accordance with JIS-K-7103. 



Application Examples 29 - 32 

The PC-PDMS copolymers obtained in Example 7 or a polycarbonate (trade name: Toughlon A-2200, 
Mv = 21000, manufactured by Idemitsu Petrochemical Co., Ltd.) were used as the base polymers and 
55 blended with glass beads (EGB-731A, manufactured Toshiba-Palodini Co., Ltd.). The resultant blend was 
extruded from a 30 mm vented extruder to prepare pellets, which were injection-molded at a molding 
temperature of 300 • C. The Izod impact strength was measured for the molded product. The results are 
shown in Table 5. In this connection, the glass fiber was supplied downstream of the raw material resin 
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supply position to a hopper in an extruder. 

Table 5 



5 


No. 


Base polymer 


Polymer/glass beads 


Izod impact strength* 1 
(kg-cm/cm) 




Application Example 29 


Example 7 


70/30 


7.8 




+ Application Example 30 


A-2200 


70/30 


3.7 


70 


Application Example 31 


Example 7 


50/50 


7.5 




+ Application Example 32 


A-2200 


50/50 


3.5 



*1: measured in accordance with JIS-K-7110 
+ : comparative example 



75 

Application Examples 33 - 36 

The PC-PDMS copolymers obtained in Example 7 or a polycarbonate (trade name: Toughlon A-2200, 
20 Mv = 21000, manufactured by Idemitsu Petrochemical Co., Ltd.) were used as the base polymers and 
blended with carbon fibers (trade name: Besfight, manufactured by Tohobeslon Co., Ltd.). The resultant 
blend was extruded from a 30 mm vented extruder to prepare pellets, which were injection-molded at a 
molding temperature of 300 °C. The Izod impact strength was measured for the molded product. The 
results are shown in Table 6. In this connection, the carbon fiber was supplied downstream of the raw 
25 material resin supply position to a hopper in an extruder. 

Table 6 



No. 


Base polymer 


Polymer/carbon fiber 


Izod impact strength* 1 (kg-cm/cm) 


Application Example 33 


Example 7 


70/30 


9.8 


+ Application Example 34 


A-2200 


70/30 


5.4 


Application Example 35 


Example 7 


90/10 


12.3 


+ Application Example 36 


A-2200 


90/10 


8.0 



+ : comparative example 



INDUSTRIAL APPLICABILITY 

40 

The PC-PDMS copolymer of the present invention has a high impact resistance and can be blended 
with an inorganic filler such as an glass fiber or the like to prepare a molded product having an extremely 
high Izod impact strength. 

According to the process of the present invention, the PC-PDMS copolymer can be prepared efficiently. 
45 Therefore, the present invention is expected to be applied effectively to the preparation of moulded 
products excellent in impact resistance. 

Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, LI, NL, SE 

50 

1. A polycarbonate-polydimethylsiloxane copolymer comprising a polycarbonate block represented by the 
formula 



55 
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( R 3 ) 




( R 4 ) 



R 



I 

R 




( R 4 ) y 



wherein R' and R 2 independently represent hydrogen or an alkyl group having 1 - 4 carbon atoms, R 3 
and R* independently represent hydrogen, halogen, an alkyl group having 1 - 20 carbon atoms or an 
aryl group, x denotes an integer of 1 - 5, y denotes an integer of 1 - 4 and n denotes an integer of 1 - 
100, and a polydimethylsiloxane block represented by the formula 



— O — R- 



f f 3 
Si - 
I 

\ CH, 



m 



I ' 

Si 
I 



O — 



wherein R 5 and R e independently represent an organic residue having an aromatic nucleus, and m 
denotes an integer of not less than 100, characterized in that the copolymer has a content of the 
polydimethylsiloxane block portion of 0.5 - 10% by weight, a n-hexane soluble matter in an amount of 
1.0% by weight or less and a viscosity average molecular weight of 10,000 - 50,000. 

A polycarbonate-polydimethylsiloxane copolymer according to claim 1, wherein R 5 and R 5 indepen- 
dently represent a 3-(o-oxyphenyl)propyl group, a 2-(p-oxyphenyl)ethyl group or the groups repre- 
sented by the formula 




or 




c H z 

I 

c 
I 

C H 




O 



3. A process for preparing the polycarbonate-polydimethylsiloxane copolymer according to claim 1, 
wherein an organic dihydroxy compound represented by the formula 



H O 



R ' 
I 

C 
I 

R 1 

( R 4 ) y ( R 4 ) v 





O H 
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wherein R\ R 2 , R* and y have the same meanings as defined above, a polydimethylsiloxane 
represented by the formula 



HO — R % 



70 




CH. 

I < 
Si 

m | 



OH 



wherein R 5 , R 5 and m have the same meanings as defined above, and a carbonate forming derivative 
are reacted in a liquid medium in the presence of a molecular weight modifier. 

75 4. A resin composition comprising 40 - 90% by weight of the polycarbonate-polydimethylsiloxane 
copolymer according to claim 1 and 60 - 10% by weight of an inorganic filler. 

5. A resin composition according to claim 4, wherein the inorganic filler is a glass fiber or a carbon fiber. 

20 Claims for the following Contracting State : ES 

1. A process for preparing a polycarbonate-polydimethylsiloxane copolymer comprising a polycarbonate 
block represented by the formula 



25 



30 



( R 3 ) x 




I R 

( R 4 ) y 




wherein R 1 and R 2 independently represent hydrogen or an alkyl group having 1-4 carbon atoms, R 3 
35 and R 4 independently represent hydrogen, halogen, an alkyl group having 1 - 20 carbon atoms or an 
aryl group, x denotes an integer of 1 - 5, y denotes an integer of 1 - 4 and n denotes an integer of 1 - 
100, and a polydimethylsiloxane block represented by the formula 



40 



45 



— O — 




m 



I * 
Si 

I 



— R 



50 



wherein R 5 and R s independently represent an organic residue having an aromatic nucleus, and m 
denotes an integer of not less than 100, characterized in that the copolymer has a content of the 
polydimethylsiloxane block portion of 0.5 - 10% by weight, a n-hexane soluble matter in an amount of 
1.0% by weight or less and a viscosity average molecular weight of 10,000 - 50,000, wherein an 
organic dihydroxy compound represented by the formula 
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R 1 




wherein R 1 , R 2 , R 4 and y have the same meanings as defined above, a polydimethylsiloxane 
represented by the formula 




wherein R 5 , R e and m have the same meanings as defined above, and a carbonate forming derivative 
are reacted in a liquid medium in the presence of a molecular weight modifier. 

2. A process for preparing a polycarbonate-polydimethylsiloxane copolymer according to claim 1 , wherein 
R 5 and R 6 independently represent a 3-(o-oxyphenyl)propyl group, a 2-(p-oxyphenyl)ethyl group or the 
groups represented by the formula 



or 




c h , 



3. A resin composition comprising 40 - 90% by weight of the polycarbonate-polydimethylsiloxane 
copolymer prepared according to claim 1 and 60 - 10% by weight of an inorganic filler. 

4. A resin composition according to claim 3, wherein the inorganic filler is a glass fiber or a carbon fiber. 
Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Ein Polycarbonat-Polydimethylsiloxan-Copolymer das umfaSt: einen Polycarbonatblock, dargestellt 
durch die Formel: 
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— O 



( R 3 ) 




10 



15 



worin R 1 und R 2 unabhangig voneinander Wasserstoff Oder eine Alkylgruppe mit 1 - 4 Kohlenstoffato- 
men darstellen, R 3 und R 4 unabhangig voneinander Wasserstoff, Halogen, eine Alkylgruppe mit 1 - 20 
Kohlenstoffatomen oder eine Arylgruppe darstellen, x eine ganze Zahl von 1 - 5 bezeichnet, y eine 
ganze Zahl von 1 - 4 bezeichnet und n eine ganze Zahl von 1-100 bezeichnet, und 
einen Polydimethylsiloxanblock, dargestellt durch die Formel: 



20 



o — ir 




— o 



/ 



I * 

Si 

m | 



— R — O — 



25 



30 



worin R 5 und R 6 unabhangig voneinander einen organischen Rest mit einem aromatischen Ring 
darstellen, und m eine ganze Zahl von nicht weniger ais 100 bezeichnet, 

dadurch charakterisiert, daB das Copolymer einen Gehalt des Polydimethylsiloxan-Blockanteils von 0,5 
bis 10 Gew.%, einen n-Hexan-loslichen Anteil in einer Menge von 1,0 Gew.% oder weniger und ein 
vikositatsmittleres Molekulargewicht von 10.000 - 50.000 aufweist. 



35 



40 



Ein Polycarbonat-Polydimethylsiloxan-Copolymer nach Anspruch 1, worin R 5 und R 6 unabhangig 
voneinander eine 3-(o-Oxyphenyl)propyi-Gruppe, eine 2-(p-Oxyphenyl)ethyl-Gruppe oder die durch die 
Formeln 




oder 



45 




c 
I 

c 
I 

c 



H 




0 - 



H 



50 



dargestellten Gruppen darstellen. 



Verfahren zur Herstellung des Polycarbonat-Polydimethylsiloxan-Copolymers nach Anspruch 1, worin 
die organische Dihydroxyverbindung, dargestellt durch die Formel: 
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H 0 




R 
I 

C 
I 

R 




( R 4 ) 



0 H 



( R 4 ) 



10 worin R 1 , R 2 , R* und y die gleichen Bedeutungen wie oben definiert aufweisen, ein Polydimethylsiloxan, 
dargestellt durch die Formel: 



15 



20 



25 



30 



35 



HO — R* 



f CH- 
Si - 

! 




R — OH 



worin R 5 und R 6 und m die gleichen Bedeutungen wie oben definiert aufweisen, und ein carbonatbild- 
endes Derivat in einem flussigen Medium in Gegenwart eines Molekulargewichtsreglers umgesetzt 
werden. 

4. Ein Formmassenzusammensetzung, die 40 bis 90 Gew.% des Polycarbonat-Polydimethylsiloxan- 
Copolymers nach Anspruch 1 und 60-10 Gew.% eines anorganischen Fullstoffes aufweist. 

5. Eine Formmassenzusammensetzung nach Anspruch 4, worin der anorganische Fullstoff durch Glasfa- 
sern oder Kohienstofffasern gebildet wird. 

Patentanspruche flir folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung eines Polycarbonat-Polydimethylsiloxan-Copolymers, das einen Polycarbo- 
natblock, dargestellt durch die Formel: 



40 




( R ') 



45 



50 



worin R 1 und R 2 unabhangig voneinander Wasserstoff oder eine Alkylgruppe mit 1 - 4 Kohlenstoffato- 
men darstellen, R 3 und R* unabhangig voneinander Wasserstoff, Halogen, eine Alkylgruppe mit 1-20 
Kohlenstoffatomen oder eine Arylgruppe darstellen, x eine ganze Zahl von 1-5 bezeichnet, y eine 
ganze Zahl von 1 - 4 bezeichnet und n eine ganze Zahl von 1-100 bezeichnet, und einen 
Polydimethylsiloxanblock umfaBt, dargestellt durch die Formel: 
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worin R 5 und R 6 unabhangig voneinander einen organischen Rest mit einem aromatischen Ring 
darstellen, und m eine ganze Zahl von nicht weniger als 100 bezeichnet, dadurch charakterisiert, daS 
das Copolymer einen Gehalt des Polydimethylsiloxan-Blockanteils von 0,5 bis 10 Gew.%, einen n- 
Hexan-loslichen Anteil in einer Menge von 1,0 Gew.% oder weniger und ein vikositatsmittleres 
Molekulargewicht von 10.000 - 50.000 aufweist, worin die organische Dihydroxyverbindung, dargestellt 
durch die Formel: 



R 1 




worin R\ R 2 , R* und y die gleichen Bedeutungen wie oben definiert aufweisen, ein Polydimethylsiloxan, 
dargestellt durch die Formel: 




worin R 5 und R 6 und m die gleichen Bedeutungen wie oben definiert aufweisen, und ein carbonatbild- 
endes Derivat in einem flussigen Medium in Gegenwart eines Molekulargewichtsreglers umgesetzt 
werden. 

Verfahren zur Herstellung eines Polycarbonat-Polydimethylsiloxan-Copolymers nach Anspruch 1, worin 
R 5 und R 6 unabhangig voneinander eine 3-(o-Oxyphenyl)propyl-Gruppe, eine 2-(p-Oxyphenyl)ethyl- 
Gruppe oder die durch die Formeln 



Oder 




C H , 

20 
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dargestellten Gruppen darstellen. 

3. Ein Formmassenzusammensetzung, die 40 bis 90 Gew.% des Polycarbonat-Polydimethylsiloxan- 
Copolymers nach Anspruch 1 und 60-10 Gew.% eines anorganischen FQIIstoffes aufweist. 

4. Eine Formmassenzusammensetzung nach Anspruch 4, worin der anorganische Fullstoff durch Glasfa- 
sern Oder Kohlenstofffasern gebildet wird. 

Revendications 

Revendications pour les Etats contractants suivants : BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Copolym&re polycarbonate/polydimethylsiloxane comprenant une sequence polycarbonate representee 
par la formule 




dans laquelle R 1 et R 2 represented independamment un atome d'hydrog&ne ou un groupe alkyle ayant 
de 1 a 4 atomes de carbone, R 3 et R 4 representent independamment un atome d'hydrogene, 
d'halogene, un groupe alkyle ayant de 1 a 20 atomes de carbone ou un groupe aryle, x indique un 
nombre entier de 1 a 5, y indique un nombre entier de 1 a 4 et n indique un nombre entier de 1 a 100, 
et une sequence polydim£thylsiloxane representee par la formule 




dans laquelle R 5 et R 6 representent independamment un residu organique ayant un noyau aromatique, 
et m indique un nombre entier d'au moins 100, caracterise en ce que le copolymere possede un taux 
de la portion de sequence de polydimethylsiloxane de 0,5 a 10% en poids, une substance soluble de 
n-hexane a raison de 1,0% en poids ou moins et une masse moteculaire moyenne par viscosity de 10 
000 a 50 000. 

2. Copolymere polycarbonate/polydimethylsiloxane selon la revendication 1 , dans lequel R 5 et R 6 repre- 
sentent independamment un groupe 3-(o-oxyph£nyl)propyle, un groupe 2-{p-oxyphenyl)ethyle ou les 
groupes repr£sentes par la formule 




ou 
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C H 3 




C H , 



3. ProcSdS pour preparer le copolymere polycarbonate/polydim&hylsiloxane selon la revendication 1, 
dans lequel un compose dihydroxy organique represents par la formule 



R 1 




dans laquelle R 1 , R 2 , R 4 et y possedent les memes significations que dSfinies ci-dessus, un polydimS- 
thylsiloxane represents par la formule 

HO — R — h Si — O 
\ I 

\ CH 3 / 

dans laquelle R 5 , R 5 et m possedent les memes significations que definies ci-dessus, et un derive 
formant un carbonate dans un milieu liquide en presence d'un agent de modification de la masse 
mol6culaire. 

4. Composition de resine comprenant 40 a 90% en poids du copolymere polycarbona- 
te/polydimethylsiloxane selon la revendication 1 et 60 a 10% en poids d'une charge inorganique. 

5. Composition de rdsine selon la revendication 4, dans laquelle la charge inorganique est une fibre de 
verre ou une fibre de carbone. 

Revendications pour I'Etat contractant suivant : ES 

1. Procede pour preparer un copolymere polycarbonate/polydimethyisiloxane comprenant une sequence 
polycarbonate representee par la formule 



m 



I * 

Si 



CH, 



— R 



OH 
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dans laquelle R 1 et R 2 reprSsentent independamment un atome d'hydrogene ou un groupe alkyle ayant 
de 1 a 4 atomes de carbone, R 3 et R 4 represented independamment un atome d'hydrogene, 
d'halogene, un groupe alkyle ayant de 1 a 20 atomes de carbone ou un groupe aryle, x indique un 
nombre entier de 1 a 5, y indique un nombre entier de 1 a 4 et n indique un nombre entier de 1 a 100, 
et une sequence polydimSthylsiloxane representee par la formule 




dans laquelle R 5 et R s reprdsentent independamment un residu organique ayant un noyau aromatique, 
et m indique un nombre entier d'au moins 100, caracterise en ce que le copolymere possede un taux 
de la portion de sequence de polydimethylsiloxane de 0,5 a 10% en poids, une substance soluble de 
n-hexane a raison de 1,0% en poids ou moins et une masse moleculaire moyenne par viscosite de 10 
000 a 50 000, dans lequel un compose dihydroxy organique represents par la formule 



R 1 




dans laquelle R 1 , R 2 , R* et y possedent les memes significations que dSfinies ci-dessus, un polydime- 
thylsiloxane represents par la formule 




dans laquelle R 5 , R 6 et m possedent les memes significations que dSfinies ci-dessus, et un derive 
formant un carbonate sont mis a rSagir dans un milieu liquide en presence d'un agent de modification 
de la masse moleculaire. 
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2. ProcSde* pour preparer un copolymere polycarbonate/polydim&hylsiloxane selon la revendication 1, 
dans lequel R 5 et R s repr6sentent indSpendamment un groupe 3-(o-oxyphe*nyl)propyle, un groupe 2-(p- 
oxyphenyl)ethyle ou les groupes represented par la formule 



ou 




C H , 



3. Composition de resine comprenant 40 a 90% en poids du copolymere polycarbona- 
te/polydimethylsiloxane prepare selon la revendication 1 et 60 a 10% en poids d'une charge inorgani- 
que. 

4. Composition de resine selon la revendication 3, dans laquelle la charge inorganique est une fibre de 
verre ou une fibre de carbone. 
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